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® The invention provides compounds represented by formula (I) and their salts, wherein represents Ci -Cs 
aikylene, R^ and R^, which may be the same or different, each represents hydrogen. Ci-Cs alkyi, C^-Cs 
alkyloxy. amino, mono- or di(Ci-Cs alkyI) amino (provided that R^ and R^ do not represent hydrogen at the same 
time) or. when taken together, epresent Ci-Cs alkylenedioxy. and R^ represents hydrogen or G1-C5 alky I. Since 
the compounds react with a carboxylic acid in a short time at room temperature in the presence of a condensing 
agent to produce amides emitting strong fluorescence.thus t)eing useful as reagents for determining carboxylic 
acids rapidly with high sensitivity. 
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BENZOTRI AZOL6 DERIVATIVES AND REAGENTS FOR CARBOXYUC ACIDS THEREOF 



FIELD OF THE INVENTION 



Carboxylic adds exist widely in the living body as the tnetabolKes of carbohydrat^. I.p.d^. and 
proteins and each acid plays important parts. This invention relates to the compounds suitable for 
microanalysis of these carboxylic adds and to fluorescence labeling reagents thereof. 



BRIEF EXPLANATION OF THE DRAWINGS 

,0 Rq 1 illustrates the relationship between the concentration of flufenamic add and the peak area of the 
chromatogram. where the ordinate shows the peak area ( X 10*) and the abscissa the concentration of 

'"'^F^'iste cSrZram obt^ned in Experiment Example 1. where the absdssa shows retention time 
(minute) and the peak indicated by the arrow corresponds to flufenamic acid (about 0.2ng). 
,5 Rg 3 illustrates the relationship between the concentration of ibuprofen and the peak area (X 10 ) of the 
chromatogram. where the ordinate shows the peak area (X 10«) and the absdssa the concentration of 

"^''r^ 4 is the chromatogram obtained in Experiment Example 2. where the absdssa shows retention time 
(minute) and the peak indicated by the arrow corresponds to ibuprofen (about 0.02ng). 

20 

BACKGROUND OF THE INVENTION 

Recently, attc - on has been paied to prostaglandins with a wkle variety of physiological activities, bile 
25 acids metabolize., om cholesterd and oxy adds, keto adds, etc whidi are 

diagonosis or tiie treatment of congenital dysbolism. so it is hoped to develop for ttie method for 
quantitative detection of ttiem with symplicity. rapidity, and high sensitivity. , , „ iowi980« 

Mr Nimura et al disclose g-antiiryldiazomethane (N. Nimura. T. Kinoshita: Anal. Lett. 13 . 
9-anthryldiazomethane is advantageous in its reactivity with carboxylk: acids at room temperature, but often 
30 causes problems in the course of detection because of its unstability. H,«vwm»thwi 
Mr Tsuchiya et a! disclose tine mettiod for fluorescence detection of 7-hydroxy-4.hydroxymethyl- 
coumarin prepared by labeling carboxylic acids witti 7.acetoxy-4-bromomethylcoumarin (ABMC), separat- 
ino the same bv reversed phase HPLC followed by alkaline hydrolysis (H. Tsuchiya et al; J. Chromatogr., 
121 (1982)) This method has a merit that ttie detection limit is high (several ten fmol) without the 
35 iSfiiience- of the solvent in the mobile phase, but some demerits that it needs complicated procedures such 
M heating in the case of the reaction of carboxylic adds with ABMC. and alkaline hydrolysis after 
separation. 



40 DISCLOSURE OF THE INVENTION 

In view of the circumstances above, the present inventors have tried to develop labeling reagents which 
are reactive under mild conditions and have highly sensitive but do not disturb the detection and completed 
the present invention. The compounds, which the present invention provides, of the following formula: 

45 



50 




Wherein means C1-C5 alkylene: R^ and each is identically or differently hydrogen. C1-C5 alkyl. Ci-Cs 
allcyloxy. amino, or mono- or di-Ci-Gs alkylamino. except that R^ and are hydrogen at the same time, or 
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form together Ci-Cs alkylendioxy; and means hydrogen or Ci-Cs alkyi, or a salt thereof (hereafter 
referred to simply as the compounds of this invention) react with carboxylic acids quicldy at room 
temperature in the presence of a condensing reagent. The reactants are amides having strong fiuorescence 
and excessive reagents can be eliminated easily. Thus, the compounds of this invention make the detection 

5 of cart)0)cylic acids, simple, rapid, very sensitive, and therefore they are useful. 

The compounds of this invention react with cart)oxyiic acids in an aprotic solvent in the presence of a 
condensing reagent and a base or an add-scavenger in place of the base, within atx)ut 30 minutes at room 
temperature, thereby corresponding amides showing strong fiuorescence are formed. Besides excessive 
reagents can be removed easily from the reaction mixture by passing the reaction solution through a 

10 silicagel column for the pretreatment. The compounds of this invention react with a wide variety of 
carboxyOc adds, regardless of aromatic or aliphatic ones, tt is desirable that and have higher 
electron-donating property, since such property gives high fluorescence intensity to the resulting com- 
pound. 

The compounds of this invention can be prepared easily by known reactions in the fteld of organic 
75 chemistry. For example, as shown below, substituted aniline (a) is subjected to known diazo coupling 
reaction with diazo compound (b) having an aminoalkyi group protected by a suitable protective group (Step 
1). then to oxidative ring-closing reaction (Step 2), followed by deprotection (Step 3). to give the compound 
( I ) of this invention. 
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^R*— NR*R- 
(d) 

^^^P ^ ^ The compound < I ) of this invention 
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In the reaction scheme. R\ R2. R3. and R* each has the same meaning as defined above. R^ means a 

protective group. 

The process above are explained below step by step. (Step 1) 
45 The reaction is usually carried out in an aqueous solution at a temperature from ice-cooling to 15 C. 

Aniline derivative corresponding to the diazo compound (b) is dissolved or suspended in an inorganic acid. 

which is then reacted with nitrous acids such as sodium nitrite to obtain the highly reactive diazo compound 

(b). Sulfamic acid or urea is added thereto to remove excessive nitrous acids. 

Next, the substituted aniline compound (a) is added thereto, whereby it is easily coupled with the diazo 
50 compound (b) to give the compound (c). The reaction is completed in several minutes to several hours. 

(Step 2) 

The azo group of the compound (c) easily forms an oxidative ring closure with the adjacent amine to 
give the triazole compound (d). The reaction is completed in several minutes to several ten hours at room 
temperature or under heating, if canied out in a water-containing organic solvent in the presence of a 
55 copper-ammonia complex. (Step 3) 

The compound (d) is subjected to hydrolysis In a water-containing organic solvent in the presence of an 
acid or a t>ase to give the compound (I ) of this invention. The reaction is completed in several minutes to 
several days at room temperature or under heating. 
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m the invention. C-Cs allcyiene means a straight chain C-Cs alkylene inciuding methylene ethylene 
propylene/ZTene aid pentylene. especially methylene or ethylene is preferable. C,^s -^]"^^^^ 
SgM or branched chain C,-Cs alkyl. including methyl, ethyl, n-propyi. isopropyl, n-butyl. sec-butyl, tert 
hutvl n-oentvl. isopentyl, neopentyl. and tert-pentyl. etc. . ^ j A««r»« AthAra 

is fS lSe prcSecting group, all the known protecting groups for amine can be used. Among others, 
those stable for acids are preferable, for example, acetyl, trifluoroacetyl. and benzoyl, etc 

?h1^prSeSve examples of the compounds of this invention are listed below. wh.ch do not l.m.t the 

scope of the invention. _ 

(1) 2-(p-aminomethylphenyl)-N.N-dimethyl-2H.benzotnazolyl-5-am.ne, 

(2U-lP-(2-aminoethyl)phenylhN.rMimethyl-2H-benzotria20lyl-5-am.ne 

(3) 2-(p-aminomethylphenyl)-2H-benzotria20lyl-5-amine, 

(4) p-(5.6-dimethoxy-2H-benzotriazol-2-yl)benzylamine. 

(5) 2-[p-{5.6-methylenedioxy-2H-benzotriazol-2-yl)]phenethylamine. 

(6) 4.rm-(5-propoxy-2H-benzotriazol-2-yl)phenyl]butylamine. 
7 4-butoxy-2-l(3-m-methylaminopropyl)phenyih2H-benzotrlazolyl-5-amme. 
(8) N-butvl-5-[o-(5-ethoxy-7-butyl-2l+benzotriazol-2-yl)phenyl]pentylamine. 

9 N-isopropyl-2-[m-(5.6-ethylenedioxy-2H-benzotrlazol-2-yl)l phenethylam.ne. and 
10«-(o-aminomethylphenyl)-N.N-dimethyl-2H-ben20triazolylene-5. ©diamine. ♦•^.^^n-Hh, 
^ TOs tZZ^ JrSer explained in the following Examples and Experiments. wh,ch are not intended to 
20 limit the scope of this invention. 

Example 

25 The compounds 1-5 of this invention were prepared as shown in the following Examples 1-5. Physical 
constants on each compound are shown on table 1. 
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Example 1 
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Prgngration of 2-(p-aminomethylphenyl)-N.N^imethyl-2H- ben20tria20iyl-5-amine (1) 

To a solution of N-(p-aminobenzyl)acetamide (6.6g) dissolved in 100ml of 10% ^^'^''^^1^1^^;;^^ 
added 10% sodium niL (30ml). while being stirred under iceH:,» ing^ f '«f "J'""*%'f ^^^^^^ 
Immonium sulfamate (50ml) was added thereto, and the mixture was stin-ed for 15 mmutes. The react on 
rZe wTSd to2l>ut pH 5 with sodium acetate, added with N.N-dimethyl-m-phenylenedam.ne 
dihvdrochloride (8.4g). and the resulting mixture was stinred for 4 hours. ^ ^ . . 

Ce rSon mixture was adjusted to about pH 9 with IN sodium hydrox.de. f.lte ed to coUert 
prec^UtS which were then washed well ^'^''^ ^I^^^ ^re ^^^^^^^^^^ from 

dimethylfomiamide/methanol to give the pure azo compound as red plates. '" Pi J^S'^^g C. 

To a solution of the resuWg azo compound (8.7g) dissolved in pyridine (lOO'^')was added an 
T^^r ZkZ solution which was prepared by dissolving cupric sulfate pentahydrate in 150ml 
r™ous"^^^^^^^^^ ref^^ ^- 4 hours. After c-Ptetio-f the reac«^^^^^^^^ 

Zi^l was cooled and extracted with ethyl acetate. The ethyl acetate layer was dried over anhydrous 
ZT^ Xr^fd eviorated to leave a residue, which was recrystallized from aqueous ethanol to give 

ZSvfcomSou^^^^^ acetate, yellow needles. m,p. 196.197' C. To a solution of the acetate {7g) 
*LoSe?reSanS^(200mi) was added 10% hydrochtoric acid (50ml). then the j;'^,;^^ J^'"^^^ 
days Me completion of the reaction, the reaction mixture was concentrated to about 50ml (total vo ume) 
2d filtered "fhe filtrate was neutralized with sodium bicarbonate to leave preciprtates. which were collected 
Ty fiSn w2hed well with water, and recrystallized from methanol to give the objective compound (1). 



Example 2 
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Pr^ngrgtion of 2-[p-(2>aminoethyl)phenvl>N,N-dlmethyl-2H- benzotriazo^ dihydrochioride (2) 
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The reaction was. performed according to the same manner as in Example 1 except that N-(p- 
aminophenethyl)-2.2.2-trifluoroacetamlde hydrochloride (8.1 g) was used in place of N-(p-amlnoben2yl)- 
acetamlde. The extract which was resulted from an oxidative ring closure reaction with an ammoniacal 
cupric sulfate solution were dissolved, without recrystallization. in ethanol (50ml), combined with 5N 
aqueous solution of sodium hydroxide (20ml), and the mixture refluxed for 2 hours. After completion of the 
reaction, the mixture was combined with water (100ml) and extracted with ethyl acetate. The ethyl acetate 
layer was evaporated under reduced pressure and the oily residue was dissolved in ethyl ether (20ml). After 
filtration, the filtrate was added to an ethanolic solution of hydrochloric acid to give the objective compound 
(2). 
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Example 3 

75 Preparation of 2-(p-aminomethylphenyl)-2H-ben2otriazolyl-5-amine (3) 

The reaction was performed according to the same manner as in Example 1, except that m- 
phenylenediamine dihydrochloride (7.2g) was used in place of N.N-dimethyl-m-phenylenediamine 
dihydrochloride. to give the objective compound (3). 

20 

Example 4 

25 Preparation of p"(5,6-dimethoxy2H-benzotria2oi'2-yl) benzylamlne (4) 

The reaction was performed according to the same manner as in Example i. except that 3.4- 
dimethoxyaniline (6.4g) was used in place of N.N-dlmethyl-m-phenylenediamine dihydrochloride. to give the 
objective compound (4). 
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Example 5 



35 Preparation of 2-[p-(5,6-methylenedioxy-2H«ben20triazol-2*yl)lphenethylamine (5) 

The reaction was performed according to the same manner as in Example 2. except that 3.4- 
methylenedioxyaniline (5.6g) was used in place of N,N-dimethyl-m-pheny!enediamine dihydrochloride. After 
the completion of hydrolysis, the reaction mixture was extracted with ethyl acetate, and the organic layer 
40 was evaporated under reduced pressure to leave a residue, which was recrystallized from methanol to give 
the objective compound (5). 
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Table 1 



5 


No 


IR (Nttjol) 


m.p.CO 


Molecular 
Formula 


Elementary Analysis 
(Calcd./Fottnd) 
C H N 


10 


1 


yellow needles 
3300. 3380 


127-128 




67.39 6.41 26.20 

O.O/ ZO. IJ 


IS 


2 


light red plates 
2450, 2550 


250-260 


Ci gHj iN$Clj 


54.24 5.97 19.77 
53.58 5.96 19.52 


20 


3 


yellow plates 
3150. 3300, 
3350, 3430 


206-207 


Ct jHi jN$ 


65.25 5.48 29.27 
65.27 5.51 29.18 


25 


4 


colorless 
needles 

3300, 3350, 3480 


155-156 


KH,0 


61.42 5.84 19.10 
61.54 5.83 19.05 
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5 


colorless 
needles 
1713, 3230. 


145-147 


KH,0 


62.82 5.10 19.54 
62.66 5.21 19.55 



^® Experiment 

(General Procedures for Analysis) 
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in a 10ml vial. 0.5ml of an acetonitrile solution of a carboxyllc add compound 's Placed and a^tonrtrHe 
solutions orUomcl-ethylpyridinium tetrafluoroborate (3.7mM). 9-methyl-3. ^'^^^^'^^^^J^^'f^^^-^ 
Z^S,y2^^mM). and ttie compound of this invention (3.7mM). are added thereto by 50 ,1 each and 
me Sure sS^f^ aSout 10 secon<£. This solution is allowed to stand at room temperature for about 30 



TW8 solution (0.5ml) is passed through a silicagel column for the pretreatment, with acetonrtnle ( 5mO 
as reluerS^etonS is added to the eluent to make the whole Z5m\, 20 mI of which .8 subjected to 
« HPLC Exd^ wSSni and fluorescence wavelength on each reagent in acetonitrile are shown .n 



Table 2. 



Experiment 1 (The compound 1 of this invention as reagen^ 

Acetonitrile solutions (0.5ml each) containing 3. 6. 15. 30. or 60ng of flufenamic add were placed into 
lOmrviSs ^) Wh vial were added acetonitrile solutions (50.1 each) of 2.bromo-1^thylpynd.n.um 
ISnoSora^ OTmlifl) 9-methyl-3. 4<Jlhydoro-2H-pyridot1.2-a]pyrimidin-2-one (2.7mM). and the com- 
p^d onh'tvS^^^^^ ihe mllre were sttrred for about 10 seconds. These were allowed to 

" ""'Err:fTer;t;™ through . Bond Elut column (silicagel) and eiutod with 

acetSe (1 5mt The total amount of the eluate was made 2.5ml with acetonitrile. the resulting soiuton 
(20 was subjected to HPLC. 
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[Conditions for Measurement] 
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Shimadzu LC-4A Pump (Shimadzu) Shimadzu RF-535 Fuluorescence HPLC Monitor 
(same as above) 

Novapack Ci a (3.9X1 50mm; Waters) 
Nucleosll 5Ci8(4.0x30mm; Nagel) 
acetonitrlle/water = 2/1 
1 ^ml/minute 

395nm for excitation, 510nm for fluorescence emission 
[Results] 

The relationship between the concentration of flufenamic acid and the peak area of the chromatogram 
as obtained in the experiment above is shown in figure 1. The chromatogram is shown in Figure 2. 



Apparatus: 

Column: 
Guard Column: 
Mobile Phase: 
Flow Rate: 
Wavelength: 



Experiment 2 (The compound 5 of this invention as reagent) 



75 



20 



The experiment was performed in the same way as Example 1. except that the compound 5 of this 
invention was used as a reagent to acetonltrile solutions (O.Sml each) containing 0.6. 3. 6. 15. 30. or 60ng of 
tbuprofen. 

[Conditions for Measurement] 

Apparatus: same as Example 1 

Column : Nucleosil 5Ci 8(4.6x1 50mm; Nagel) 

Guard Column: same as Example 1 
Mobile Phase: acetonitrile/water = 6/3 
Flow Rate: 1 .OmI/minute 

25 Wavelength: 333nm for excitation, 375nm for fluorescence emission 
[Results] 

The relationship between the concentration of ibuprofen and the peak area of the chromatogram as 
obtained in the experiment above is shown In Figure 3. The chromatogram is shown in Figure 4. 



30 

Experiment 3 

Table 2 shows both excitation and fluorescence wavelength of amide compounds in acetonitrlle. which 
are the reactants of the compounds (l)-(5) of this invention with benzoic acid. The date of detection limit for 
35 each amide compound by HPLC is also shown. 

Table 2 



No 


Excitation 


Fluorescence 


Detection 




Wavelength (nin) 


Wavelength (nm) 


Limit (fDol) 


1 


390 


488 


15 


2 


384 


486 


15 


3 


366 


456 


6 


4 


333 


370 


0.5 


5 


333 


372 


0.5 
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Claims 

1 . A compound of the following formula: 




wherein means Ci-Cs alkylene; and each is identically or differently hydrogen. C-Cs alkyl. 
Ci-Cs alkyloxy. amino, or mono- or di-C.-Cs alkylamino. except that R2 and are hydrogen at the 
same time, or taken together may form Ci.-Cs alkylenedioxy; and R* means hydrogen or Ci-Cs alkyl, 
or the salt thereof. 

Z A reagent for determining carboxyllc acids, comprising containing a compound of the following formula: 




wherein R^ means Ci-Cs alkylene; R^ and R3 each is identically or differently hydrogen. Ci-Cs aikyl. 
Ci-Cs alkyloxy. amino, or mono- or di-Ci-Cs alkylamino. except that R^ and R3 are hydrogen at the 
same time, or taken together may form Ci.-Cs alkylenedioxy; and R* means hydrogen or Ci-Cs aikyl. 
30 or the salt thereof. 
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